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we	use	both	 genetic	 and	photo-	identification	methods	 to	quantify	 gene	 flow	and	
demographic	dispersal	between	MPAs	of	a	highly	mobile	marine	mammal,	the	bot-
tlenose	dolphin	Tursiops truncatus.	We	 identify	 three	populations	 in	 the	waters	of	
western	Ireland,	two	of	which	have	largely	nonoverlapping	core	coastal	home	ranges	
and	are	each	strongly	spatially	associated	with	specific	MPAs.	We	find	high	site	fidel-
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1  | INTRODUC TION
The	conservation	and	management	of	wild	animal	populations	are	
often	 achieved	 through	 designation	 of	 protected	 areas	 that	 are	




vae,	 juveniles,	 or	 adults	 (Sale	 et	al.,	 2005),	 is	 an	 important	 factor	
to	consider	when	designating	marine	protected	areas	 (MPAs),	as	 it	
has	 implications	 for	 the	persistence	of	metapopulations	 (reviewed	
in	Botsford	et	al.,	2009).	For	example,	in	many	marine	fish	species,	






ularly	 relevant	 in	 highly	 mobile	 and	 wide-	ranging	 marine	 species,	
whose	management	provision	is	often	restricted	to	small	fixed	areas	




Andersson,	 Chakraborty,	 &	 Rosenberg,	 1984;	 Winkelmann	 et	al.,	
2013).	 However,	 whilst	 in	 most	 marine	 fish	 metapopulations	 dis-
persal	during	the	larval	stage	facilitates	greater	connectivity	among	








tivity	 from	genetic	 connectivity	by	defining	 the	 former	as	 the	 rel-




quantify	 the	 rate	 and	 scale	 of	 dispersal	 (i.e.,	migration)	when	 it	 is	
not	 feasible	 to	 assess	 the	movement	 of	 individuals	 by	 nongenetic	
capture–recapture	methods	(Gagnaire	et	al.,	2015).	However,	when	
combined	 together,	 genetic	 and	 nongenetic	 methods	 are	 highly	
complementary	and	can	provide	invaluable	information	for	manage-
ment	 of	 populations.	 Photo-	identification	 is	 a	 cost-	effective	 tech-
nique	 commonly	 used	 by	 marine	 mammal	 researchers	 to	 identify	
individuals	of	several	species	using	the	unique	natural	markings	on	
their	body	and	 thus	enabling,	 for	example,	 the	estimation	of	 their	
distribution,	association	patterns,	or	abundance	via	capture–recap-
ture	methods	 (see	 review	by	Würsig	&	Jefferson,	1990).	 If	natural	
markings	 cannot	 be	 used	 because	 of	 insufficient	 individual	 vari-






Bottlenose	 dolphins	 are	 widely	 distributed,	 being	 found	 in	
the	Atlantic,	 Indian,	 and	Pacific	 oceans	 (Leatherwood	&	Reeves,	
1990).	 Throughout	 much	 of	 its	 range,	 the	 common	 bottlenose	
dolphin	 (Tursiops truncatus)	 exhibits	 hierarchical	 population	
structure,	 with	 the	 greatest	 divergence	 found	 between	 pelagic	
and	coastal	populations	 (Curry	&	Smith,	1998;	Hoelzel,	Potter,	&	
Best,	1998;	Louis,	Fontaine	et	al.,	2014;	Louis,	Viricel	et	al.,	2014;	
Lowther-	Thieleking,	 Archer,	 Lang,	 &	Weller,	 2015).	 Genetic	 dif-
ferentiation	 is	 often	 correlated	 with	 ecological	 and/or	 morpho-
logical	differences	 (Hersh	&	Duffield,	1990;	Hoelzel	et	al.,	1998;	
Louis,	 Viricel	 et	al.,	 2014;	 Natoli,	 Peddemors,	 &	 Hoelzel,	 2004).	
Further	fine-	scale	structuring	has	been	found	among	coastal	pop-
ulations	 in	 several	 locations	 (Baird	 et	al.,	 2009;	 Caballero	 et	al.,	
2012;	 Fernández	 et	al.,	 2011;	 Gaspari	 et	al.,	 2013,	 2015;	 Louis,	
Fontaine	 et	al.,	 2014;	 Louis,	 Viricel	 et	al.,	 2014;	 Martien,	 Baird,	
Hedrick,	 &	 Webster,	 2011;	 Martinho,	 Pereira,	 Brito,	 Gaspar,	 &	
Carvalho,	 2014;	 Mirimin	 et	al.,	 2011;	 Natoli,	 Birkun,	 Aguilar,	
Lopez,	&	Hoelzel,	2005;	Parsons,	Noble,	Reid,	&	Thompson,	2002;	
Parsons	et	al.,	 2006;	Rosel,	Hansen,	&	Hohn,	2009).	 The	driving	














dispersal	 of	 both	 sexes;	 and	 habitat	 discontinuity	 linked	 to	 prey	
availability	 (Gaspari	 et	al.,	 2015;	 Krützen,	 Barre,	 Connor,	 Mann,	
&	Scherwin,	2004;	Krützen,	Scherwin,	Berggren,	&	Gales,	2004;	
Louis,	 Fontaine	 et	al.,	 2014;	 Louis,	 Viricel	 et	al.,	 2014;	 Martien	
et	al.,	2011;	Natoli	et	al.,	2005;	Parsons	et	al.,	2006;	Rosel	et	al.,	
2009).
Common	 bottlenose	 dolphins	 are	 listed	 in	 Annex	 II	 of	 the	
European	Union’s	Habitats	Directive	 requiring	 the	member	 states	
to	 designate	 Special	 Areas	 of	 Conservation	 (SACs)	 as	 part	 of	 an	
overall	European	strategy	(Natura	2000)	to	maintain	or	restore	the	
species	 at	 “favourable	 conservation	 status.”	 Therefore,	 SACs	 (or	
Natura	2000	 sites)	 have	been	designated	 in	 the	 coastal	waters	of	
several	 areas	 in	EU	Member	States.	Around	 the	British	 Isles,	 such	
SACs	are	 located	 in	Moray	Firth	 (Scotland),	Cardigan	Bay	 (Wales),	





Bottlenose	 dolphins	 using	 the	 Shannon	 Estuary	 SAC	 have	
been	 found	 to	 be	 genetically	 differentiated	 from	 another	 popu-
lation	 inhabiting	 the	 coastal	waters	of	 counties	Galway	 and	Mayo	
(Mirimin	 et	al.,	 2011).	 However,	 these	 findings	 were	 based	 on	 a	
limited	number	of	samples	collected	in	a	relatively	small	area	(rang-
ing	 about	 70	km	 along	 the	 Galway/Mayo	 coastline)	 and	 it	 is	 not	
known	 whether	 additional	 fine-	scale	 structuring	 exists.	 Photo-	















Genetic	 clustering	 and	 kinship-	based	 methods	 are	 used	 here	
to	reexamine	the	population	structure	in	Irish	waters	using	a	larger	
dataset	supplemented	with	samples	collected	from	a	wider	coastal	
area.	 The	 contribution	 of	 demographic	 and	 genetic	 dispersal	 to	
the	 connectivity	 between	neighboring	 SACs	within	 Irish	waters	 is	
quantified	using	a	combination	of	photo-	identification	and	genetic	




2  | MATERIAL S AND METHODS
2.1 | Photo- identification surveys and photograph 
selection
Boat-	based	 photo-	identification	 surveys	 were	 conducted	 within	
the	 Lower	River	 Shannon	 SAC,	 Ireland,	 every	 year	 between	1996	
to	2008	with	the	exception	of	2004,	and	 in	other	coastal	areas	of	
Ireland	 (including	 the	West	 Connacht	 Coast	 SAC),	 in	 2001–2005,	
2007–2010,	and	2013–2014	(Figures	1	and	2).	These	surveys	were	
mostly	 conducted	 during	 the	 summer	 months	 (May–September),	
however,	 some	 were	 done	 in	 autumn	 or	 winter	 (see	 Supporting	














2.2 | Skin tissue sample collection and analysis
The	dataset	comprising	of	altogether	97	unique	samples	included	85	
samples	already	genotyped	by	Mirimin	et	al.	 (2011).	This	set	of	85	


















sied	 individuals	 was	 determined	 by	multiplex	 amplification	 of	 sex	
chromosome-	specific	 DNA	 fragments,	 following	 the	 method	 de-
scribed	in	Rosel	(2003).
2.3 | DNA extraction, PCR 
amplification, and genotyping
DNA	was	 extracted	 from	12	 new	 skin	 samples	 using	 the	DNeasy	
Blood	and	Tissue	kit	 from	Qiagen.	A	 total	of	15	nuclear	microsat-
ellite	loci	(see	Supporting	information	Appendix	S2)	were	amplified	
following	polymerase	chain	 reaction	 (PCR)	conditions	described	 in	
Mirimin	 et	al.	 (2011).	 The	 amplified	 products	 were	 separated	 on	
6%	 polyacrylamide	 gels	 on	 a	 Li-	Cor	 4300	 DNA	 analyzer	 (Li-	Cor	
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(PI),	 which	 estimates	 the	 power	 of	 the	 set	 of	microsatellite	mark-
ers	to	differentiate	between	two	distinct	individual	samples	(Waits,	




The	 15	 microsatellite	 loci	 were	 checked	 for	 null	 alleles,	 al-
lelic	 dropout,	 and	 stuttering,	 using	 MICRO-	CHECKER	 2.2.3	 (Van	
Oosterhout,	Hutchinson,	Wills,	&	Shipley,	2004)	and	selecting	 the	
Bonferroni-	adjusted	 95%	 confidence	 interval	 option	 with	 1,000	




equilibrium	 (HWE)	 using	 GENEPOP	 (Raymond	 &	 Rousset,	 1995;	
Rousset,	2008)	and	linkage	equilibrium	using	ARLEQUIN	(Excoffier	





All	 samples	were	 included	 in	 a	 cluster	 analysis	using	STRUCTURE	
(Pritchard,	Stephens,	&	Donnelly,	2000).	The	admixture	model	was	
run	with	 correlated	 allele	 frequencies	without	 including	 any	 prior	
information	on	 the	 sampling	 location.	 Ten	 independent	 runs	were	
carried	out	for	each	value	of	K	 (the	number	of	theoretical	popula-
tions),	with	K	set	to	vary	from	1	to	6,	using	1,000,000	Markov	Chain	
Monte	 Carlo	 (MCMC)	 iterations	 preceded	 by	 1,000,000	 burn-	in	


















(according	 to	Rosel	 et	al.,	 2009)	 and	STRUCTURE	 re-	run	with	 this	
reduced	dataset.
In	addition,	population	structuring	was	inferred	using	a	discrim-









A	 third	 clustering	 method	 was	 implemented	 in	 program	 TESS	
(Durand,	Chen,	&	Francois,	2009;	Durand,	Jay,	Gaggiotti,	&	Francois,	




used	 with	 admixture	 using	 20,000	 burn-	in	 followed	 by	 120,000	
MCMC	steps	with	the	number	of	clusters,	K,	varying	2–10,	with	10	
replicates	per	each	run.	The	most	probable	number	of	clusters	was	
selected	 by	 plotting	 Deviance	 Information	 Criterion	 (DIC)	 values	
against	different	values	of	K	and	by	examining	individual	assignment	
probability	plots.	Consistency	of	the	runs	was	checked	by	examin-
ing	 the	 convergence	 of	MCMC	 chains	 in	 TRACER	 1.6.	 (Rambaut,	






cluded	 (i.e.,	 STRUCTURE	 and	DAPC,	 see	 below)	were	 highly	 con-
sistent	 in	their	 inference	of	the	most	 likely	number	of	clusters	and	















bootstrap	 replicates.	 Population-	specific	 FIS	 values,	 expected	 and	
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observed	heterozygosity,	mean	number	of	alleles,	and	allele	richness	
were	also	calculated	using	package	diveRsity	 to	examine	 the	 level	
of	inbreeding.	Heterozygote	deficiency	and	excess	in	each	popula-




Puechmaille,	 2016),	 10	 individuals	 were	 randomly	 selected	 from	










1,000	simulations	 in	POWSIM	4.1	 (Ryman	&	Palm,	2006;	 see	also	
Ryman	et	al.,	2006;	Morin,	Martien,	&	Taylor,	2009).
Sex-	biased	 dispersal	 between	 the	 three	 populations	 identified	









within	 the	 last	 two	 generations	 were	 estimated	 using	 BAYESASS	
(Wilson	 &	 Rannala,	 2003).	 The	 migration	 rates	 were	 calculated	
between	 the	 populations	 identified	 by	 STRUCTURE	 and	 DAPC,	
and	 then	 reestimated	with	 the	 individual	 biopsied	 in	 the	Shannon	
Estuary	 but	 genetically	 assigned	 to	 Coastal mobile	 population	














&	Whitlock,	 2015)	 and	 adequately	 with	 migration	 rates	 of	 up	 to	
~5%–10%	 (Waples	 &	 England,	 2011).	 Allele	 frequencies	 of	 <0.02	








2.7 | Analyses of social structure and site fidelity
To	 test	 possible	 drivers	 of	 population	 structure	 and	 connectivity,	
indices	of	social	structure,	site	fidelity,	and	kinship	were	examined	
among	the	coastal	bottlenose	dolphins	(Shannon	and	Mobile).	Long-	
term	 photo-	identification	 data	 are	 not	 available	 for	 the	 “pelagic”	
dolphins	 in	 this	 area.	 Social	 structure	 analyses	were	performed	 in	
SOCPROG	 2.4	 compiled	 version	 (Whitehead,	 2009).	 The	 dataset	





uals	 (Whitehead,	2008).	 Individuals	photographed	 together	during	




dyads)	was	measured	 using	 two	 indices	 of	 the	 frequency	 of	 co-	
occurrence:	the	half-	weight	association	index	(HWI)	and	the	sim-
ple	ratio	(Cairns	&	Schwager,	1987;	Ginsberg	&	Young,	1992).	The	
simple	 ratio	 index	 is	 suitable	when	association	 is	defined	by	 the	
presence	 in	 the	 same	 group	 during	 a	 sampling	 period	 (Ginsberg	
&	 Young,	 1992).	 However,	 the	 HWI	 can	 be	 more	 appropriate	
when	 not	 all	 individuals	 within	 a	 group	 have	 been	 identified	
(Ginsberg	&	Young,	1992),	as	is	often	the	case	with	dolphin	photo-	







statistics	 calculated	 in	 SOCPROG.	 Permutation	 tests	 (Bejder,	






als,	and	compared	to	the	null	association	rate	 (expected	 if	all	 indi-
viduals	are	associating	at	random).	The	SLAR	was	fitted	separately	
     |  9247NYKÄNEN Et al.
to	 the	 individuals	encountered	within	and	outside	of	 the	Shannon	






2007).	 To	 investigate	 movements	 of	 dolphins	 between	 different	
coastal	 areas	 and	 to	 estimate	 the	 amount	 of	 time	 identified	 indi-
viduals	 resided	within	each	area,	Lagged	 identification	 rates	 (LIRs)	
within	 and	 between	 all	 study	 areas	were	 calculated	 in	 SOCPROG	
(Whitehead,	 2009).	Markov	movement	 models	 (expected	 LIRs)	 of	





2.8 | Relatedness, associations, and spatial overlap
A	Mantel	test	 in	R	package	ade4	(Dray	&	Dufour,	2007)	was	used	
to	 investigate	 whether	 associations	 reflected	 kinship	 bonds,	 and	
whether	 a	 correlation	 existed	 between	 the	 strength	 of	 pairwise	
association	(HWI)	and	relatedness	between	all	biopsied	dyads	that	
had	 been	 encountered	 at	 least	 three	 times.	 To	 examine	 whether	
there	 was	 a	 correlation	 between	 spatial	 overlap	 and	 relatedness	
kernel	 utilization	 distribution	 (KUD)	 was	 calculated	 for	 individu-


























all	 the	 samples	were	 pooled	 and	 tested	 for	 deviations	 from	HWE	
across	 all	microsatellite	 loci,	 eleven	of	 the	 fifteen	 loci	were	 found	
to	be	out	of	HWE.	Further	 tests	using	MICRODROP	 (Wang	et	al.,	
2012)	 indicated	 no	 correlation	 between	 the	 amount	 of	 homozy-
gotes	 and	 the	 amount	 of	missing	 data	 across	 individuals	 (Pearson	



















or	 the	 assignment	of	 individuals	 into	 the	 three	 clusters.	However,	
when	considering	assignments	at	K = 2,	the	Coastal mobile	dolphins	
clustered	together	with	the	Pelagic	dolphins	with	high	(>80%–90%)	












pled	 in	Cork	Harbour	were	 strongly	 assigned	 (>80%	probability)	
to	the	same	cluster	as	the	Coastal Shannon	dolphins	(Figure	4a	and	
Supporting	 information	 Appendix	 S5),	 consistent	 with	 Mirimin	
et	al.	 (2011).	 Two	 individuals	 found	 dead-	stranded	 outside	 of	
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DAPC,	which	does	not	assume	HWE,	also	identified	three	clus-
ters	 when	 all	 the	 samples	 were	 included	 (Supporting	 information	
Appendix	 S6)	 with	 a	mild	 hierarchical	 structure	 among	 them;	 the	
distance	between	the	clusters	of	Coastal Shannon	and	Coastal mobile 
samples	is	shorter	than	the	distance	between	either	of	the	coastal	
clusters	 and	 the	Pelagic	 cluster	 (Figure	4b).	 Individual	 assignments	
were	high	 (>99%)	and	highly	consistent	compared	 to	STRUCTURE	
with	 99%	 of	 the	 individuals	 assigned	 to	 the	 same	 cluster	 across	
the	 methods.	 In	 fact,	 only	 one	 stranded	 individual	 (sample	 code	
“bnd204,”	an	outlier	in	Figure	4b)	was	assigned	to	the	Coastal mobile 
cluster	by	DAPC	whereas	 it	was	clustered	 together	with	 stranded	
pelagic	samples	by	STRUCTURE	when	all	the	samples	were	included	
(Figure	4a).





The	 individual	 assignment	 probabilities	 were	 also	 100%	 consis-
tent	 with	 STRUCTURE	 and	 DAPC	with	 all	 the	 same	 individuals	






with	 the	 Queller	 and	 Goodnight	 (1989)	 relatedness	 coefficient	




pelagic	 samples.	 The	 mean	 relatedness	 coefficient	 varied	 from	
−0.02	 (SD	=	0.23)	 among	 individuals	 assigned	 to	 the	 Coastal 
Shannon	population,	−0.04	(SD	=	0.25)	among	the	Coastal mobile,	






























r ≥ 0.45	led	to	the	removal	of	22	individuals	from	the	Coastal Shannon 
and	six	 individuals	 from	the	Coastal mobile	 cluster.	When	consider-
ing	only	these	“coastal”	samples,	the	most	likely	number	of	clusters	









3.2 | Population differentiation and effective 
population size
No	 evidence	 of	 significant	 heterozygote	 deficiency	was	 found	
across	 all	 loci	 in	 any	 of	 the	 populations	 (Coastal Shannon 
p = 0.998,	 Pelagic p = 0.469,	 Coastal mobile p = 0.061).	 Allele	
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the	two	coastal	populations	compared	to	the	pelagic	population	
(Supporting	 information	 Appendix	 S2).	 Inbreeding	 coefficients	
were	 low	 in	 all	 populations.	 The	 mean	 estimate	 for	 effective	
population	size	 in	the	Coastal Shannon	population	was	32	(with	
95%	CI	of	22–43).
There	 was	 significant	 differentiation	 in	 allele	 frequencies	
(based	 on	 both	 FST	 and	 Jost’s	 D)	 between	 the	 pelagic	 and	 the	
two	 coastal	 populations	 and	 between	 the	 two	 coastal	 popula-
tions	 (defined	with	 STRUCTURE),	 and	 this	 difference	 persisted	
after	 removing	 close	 relatives	 from	 the	 dataset	 (Table	1).	 The	
Jost’s	D	values	revealed	a	hierarchical	population	structure,	with	
largest	 differences	 observed	 between	 the	 pelagic	 and	 the	 two	
coastal	 populations	 (Table	1).	 The	 pairwise	 comparisons	 of	 FST 
values	for	randomized	coastal	populations	showed	no	population	
differentiation	when	 two	 sets	 of	 10	 individuals	 were	 randomly	
drawn	from	within	the	same	population,	that is	consisting	of	only	
Coastal Shannon	 (mean:	 −0.0005,	 95%	 CI:	 −0.0086–0.0080)	 or	
Coastal mobile	 (mean:	0.0021,	95%	CI:	−0.0074–0.0115)	 individ-
uals	 (Supporting	 information	Appendix	S9).	However,	significant	








the	 set	 of	 15	microsatellite	markers	 used	 in	 the	 present	 study,	
even	with	 a	 low	 sample	 size	 of	 10	 individuals	 drawn	 from	each	
population.








from	 the	 Pelagic	 population	 had	 >50%	 probability	 of	 being	 either	
first-	 or	 second-	generation	migrants	 from	 other	 populations.	 Two	
individuals	from	the	Coastal mobile	population	(“tt-	09-	12”	and	“12-	
09-	2014_Tt2”)	were	 second-	generation	migrants	 from	 the	Coastal 
Shannon	 population	 with	 64%	 and	 79%	 probability,	 respectively.	
One	 individual	 assigned	 to	 the	Pelagic	 population	by	STRUCTURE	
(“bnd204”)	had	a	37%	probability	of	being	a	first-	generation	migrant	
and	 a	46%	probability	of	 being	 a	 second-	generation	migrant	 from	
the	Coastal mobile	population.	When	the	individual	that	was	biopsied	





3.4 | Social structure and site fidelity
When	 testing	 for	 preferred	 and	 avoided	 companionships	 between	
and	within	 the	 two	 coastal	 populations,	 the	mean	HWI	 in	 the	 real	
data	was	 found	 to	be	 significantly	higher	compared	 to	 the	HWI	of	
a	 permuted	 random	 dataset	 (mean:	 p < 0.01,	 SD: p < 0.0001,	 and	
Coastal Shannon Pelagic Coastal mobile
FST
 Coastal Shannon – 0.173	(0.151–0.200) 0.181	(0.147–0.218)
 Pelagic 0.154	(0.131–0.181) – 0.186	(0.154–0.222)
 Coastal mobile 0.161	(0.121–0.205) 0.172	(0.139–0.209) –
Jost’s	D
 Coastal Shannon – 0.362	(0.304–0.426) 0.207	(0.165–0.251)
 Pelagic 0.339	(0.279–0.404) – 0.319	(0.265–0.378)










Source Coastal Shannon Pelagic Coastal mobile
Coastal Shannon 0.987	(0.969–1.000) 0.006	(−0.005–0.017) 0.008	(−0.007–0.022)
Pelagic 0.016	(−0.014–0.046) 0.948	(0.892–1.000) 0.036	(−0.014–0.086)
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2015;	 Whitehead,	 Waters,	 &	 Lyrholm,	 1991).	 Within	 the	 Coastal 
mobile	population,	on	the	other	hand,	the	model	“constant	compan-
ions	and	casual	 acquaintances”	best	explained	 the	data,	with	 “con-
stant	companions”	remaining	associated	with	each	other	throughout	
the	 length	of	 the	 study	 (Whitehead,	2015;	Whitehead	et	al.,	 1991)	
(Supporting	information	Appendix	S11b).	The	mean	HWI	within	the	




number	 of	 encounters	 included	 in	 the	 social	 analysis	 (48	with	 the	
Coastal mobile	and	315	with	the	Coastal Shannon).
Bottlenose	dolphins	that	were	first	photographed	in	the	Shannon	
Estuary	 were	 not	 photographed	 anywhere	 else	 during	 1996–2008	





in	 the	 Shannon	 Estuary	 during	 the	 study	 period	 so	 their	 LIR	 in	 the	








3.5 | Relatedness, spatial overlap, and associations
When	 only	 the	 biopsied	 individuals	 with	 a	 sufficient	 number	 of	
photo-identification	 encounters	 (≥3)	 were	 considered,	 a	 significant	
correlation	was	found	between	the	relatedness	coefficient	(Queller	&	
Goodnight,	1989)	and	HWI	(r = 0.345,	p = 0.0001)	when	the	data	from	
the	 two	coastal	populations	were	combined.	However,	 this	 is	 likely	
attributed	to	the	correlation	of	zero	values	in	the	combined	dataset	
as	no	correlation	was	found	between	the	two	 indices	when	testing	
for	 this	 separately	 for	 each	 population	 (Coastal Shannon: r = 0.028,	



















(r = 0.076,	 p = 0.193)	 or	 the	 Coastal mobile	 population	 (r = 0.042,	
p = 0.417).	Overall,	these	results	 indicate	that	close	kinship	may	not	
strongly	promote	overall	social	associations	in	these	two	populations.
4  | DISCUSSION
Understanding	 the	 scale	 of	 dispersal	 is	 an	 important	 consid-
eration	 for	 the	 conservation	 and	management	 of	marine	 species	
(Lotterhos,	2012).	By	combining	genetic	and	photo-	identification	
data,	 spatial	 dispersal	 and	 genetic	 dispersal	 over	 both	 short	 and	
long	 temporal	 scales	have	been	elucidated	 in	unprecedented	de-
tail	 for	 bottlenose	 dolphins	 in	 Irish	waters.	Dispersal	 can	 be	 ga-










Allendorf	 (2010).	 The	 accumulation	 of	 differentiation,	 estimated	
with	fixation	indices,	indicates	that	this	relative	isolation	has	per-
sisted	over	longer	timescales.
Among	 the	 bottlenose	 dolphin	 samples,	 large	 and	 significant	
FST	 and	 Jost’s	 D	 values	 between	 the	 populations,	 comparison	 of	
FST	 values	 from	 randomized	 “coastal	 populations,”	 the	 individual	
assignment	methods,	 and	 kinship	methods	were	 all	 in	 agreement,	
supporting	 the	 division	 of	 the	 samples	 into	 one	 “pelagic”	 and	 two	
“coastal”	 clusters.	 In	 addition,	 Jost’s	D	 values	 and	DAPC	 indicated	
















where	 data	 have	 been	 collected	 for	 over	 12	years,	 is	 a	 key	 driver	
of	 fine-	scale	 population	 structure	 among	 coastal	 populations.	 A	
high	 degree	 of	 site	 fidelity	 among	 resident	 populations	 of	 bottle-
nose	dolphins	to	certain	 local	areas	has	been	found	 in	other	parts	
of	the	world	(Bristow	&	Rees,	2001;	Möller,	Allen,	&	Harcourt,	2002;	












population	 structure	 among	 these	 dolphins	 (Hoelzel	 et	al.,	 1998;	
Chilvers	&	Corkeron,	2001;	Natoli	et	al.,	2005;	Möller,	Wiszniewski,	
Allen,	&	Beheregaray,	2007;	Sargeant,	Wirsing,	Heithaus,	&	Mann,	
2007;	Richards	et	al.,	2013;	Allen	et	al.,	2016).	 In	addition,	 there	 is	






In	 this	 study,	 there	 is	 evidence	 of	 significant	 companionships	
within	 the	 two	 coastal	 populations,	 and	 it	 is	 possible	 that	 social	
bonds	promote	and	maintain	the	observed	social	and	genetic	sep-
aration	of	these	populations.	The	observed	companionships	did	not	
seem	to	be	 linked	 to	 relatedness,	but	close	associates	were	 found	
both	 among	 kin	 and	 nonkin	 individuals,	 similar	 to	 a	 recent	 study	
by	Louis	et	al.	(2018).	In	contrast,	close	associations	were	linked	to	












the	 fact	 that	 the	biopsy	 sampled	animals	did	not	necessarily	have	
enough	photo-identification	encounters	for	further	social	analyses.
Lowe	and	Allendorf	(2010)	described	genetic	connectivity	as	the	
exchange	 of	 alleles	 through	 gene	 flow	 between	 populations,	 and	
demographic	connectivity	as	 the	dispersal	of	 individuals	 from	one	
population	 to	 another	 thus	 contributing	 to	 underlying	 population	
demographic	 processes	 and	 parameters	 (e.g.,	 survival,	 mortality,	
abundance).	Gene	 flow	maintains	 genetic	 variation	 in	populations,	
enhancing	adaptive	potential	to	environmental	variation	(Yamamichi	
&	 Innan,	2012).	Even	small	 amounts	of	gene	 flow	can	prevent	 the	
accumulation	 of	 large	 genetic	 differences	 between	populations	 of	
low	 effective	 size	 (Palumbi,	 2003;	 Slatkin,	 1987).	Hastings	 (1993),	
on	the	other	hand,	suggested	that	populations	become	demographi-
cally	isolated	if	the	exchange	between	populations	stays	below	10%,	









sampled	 individuals	 assigned	 to	 the	 Coastal Shannon	 population.	
Given	that	~40%	of	the	Coastal Shannon	population	have	been	biop-
sied	(and	genotyped)	based	on	abundance	estimates	derived	for	this	
population	 varying	 between	 114	 and	 140	 (Berrow,	 2012;	 Berrow,	







Shannon	 population.	 Nonetheless,	 considering	 that	 this	 individual	
(one	 of	 46	 biopsied	 dolphins	 in	 the	 Shannon	 Estuary)	 represents	
<3%	demographic	dispersal	between	the	coastal	Irish	populations,	it	
seems	unlikely	that	the	contribution	to	the	demographic	processes	
are	significant.	However,	 this	 largely	depends	on	 the	management	
targets	 set	 to	 the	population	 in	question	and	 the	power	 to	detect	
changes	in	abundance,	survival,	or	other	demographic	processes.
No	 evidence	 for	 sex-	biased	 dispersal	 was	 found	 in	 this	 study.	
However,	 the	 sampling	 was	 biased	 toward	 males	 (due	 to	 efforts	
to	 sample	marked	animals),	with	more	 than	double	 the	 amount	of	
samples	compared	to	females;	thus	these	results	should	be	treated	
with	 caution.	 Both	 Mirimin	 et	al.	 (2011)	 and	 Louis	 et	al.	 (2014a)	
found	two	haplotypes	that	were	shared	between	“coastal”	and	“pe-
lagic”	dolphins	based	on	 the	mitochondrial	 control	 region,	but	 the	
sequencing	of	the	entire	mitochondrial	genome	revealed	no	shared	
haplotypes	between	these	two	“ecotypes”	suggesting	limited	female	
dispersal	 between	 coastal	 and	 pelagic	 populations	 (Moura	 et	al.,	
2013;	Nykänen,	2016).	However,	two	mitogenome	haplotypes	were	
shared	between	the	Coastal Shannon	and	Coastal mobile	populations	






from	 the	 Coastal Shannon	 population.	 However,	 whilst	 individual	
assignment	methods,	such	as	STRUCTURE,	are	believed	to	perform	












(Nykänen,	 2016).	Overall,	 despite	 some	 evidence	 for	 low	 levels	 of	
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demographic	dispersal,	it	appears	that	connectivity	between	popu-
lations	is	too	low	to	prevent	the	buildup	of	genetic	differentiation.
Nichols	 et	al.	 (2007)	 and	 Louis	 et	al.	 (2014a)	 suggested	 that	





study,	 both	 genetically	 and	 demographically	 isolated.	 Coupled	
with	 the	 relatively	 small	 effective	 population	 size,	 this	 makes	
Coastal Shannon	 especially	 vulnerable	 to	 any	 environmental	 or	






they	 do	 indeed	 comprise	 part	 of	 the	 “Coastal North”	metapopu-







Ireland,	 Wales,	 Scotland,	 France,	 Cornwall).	 Such	 collaboration	
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